After 8 wk exposure to 8 h of light per day, prolactin (PRL) averaged 18.3 ng/ml of serum in eight male calves. Four calves then received 16 h of light per day; 6 wk later (age 14 wk) PRL averaged 93.8 ng/ml of serum, whereas PRL averaged 36.9 ng/ml of serum in four calves maintained under 8 h of daily light. By wk 20, PRL was not different in calves exposed to 16 or 8 h of daily light, averaging 34.7 and 17.2 ng/ml serum. Testosterone averaged .43 ng/ml of serum at wk 8 but was greater at wk 14 in calves receiving 16 h of light daily when compared with controls receiving 8 h of light (1.92 vs .97 ng/ml of serum). Testosterone concentrations were not different between photoperiod treatments at wk 20. Luteinizing hormone (LH) concentrations were unaffected by photoperiod. In a second experiment, four male calves were castrated at approximately 2 wk of age while four similar controls were left gonadally intact. After 8 wk exposure to 8 h of light per day, PRL averaged 12.3 ng/ml of serum in all calves. After 6 wk exposure to 16 h of light per day, PRL in serum increased in castrates to 48.0 ng/ml and in controls to 59.8 ng/ml. We conclude that serum concentrations of PRL and testosterone, but not LH, increased in bull calves receiving 16 h of light daily relative to calves receiving 8 h of light, and that the PRL response to photoperiod is independent of the testes. However, 16 h light-induced stimulation of serum concentrations of prolactin is not maintained indefinitely.
Introduction
Switching photoperiod from 8 h light (L):16 h dark (D; short-day) to 16L:8D (long-day) increases serum prolactin (PRL) concentrations in prepubertal bulls two-to eightfold (Bourne and Tucker, 1975; Stanisiewski et al., 1984) . In previous experiments with cattle, maximum duration of exposure to a single photoperiod was 6 wk (Stanisiewski et al., 1984) . The effect of photoperiods maintained longer than 6 wk on PRL is unknown. In addition, rams exposed to decreasing daily tight decreased PRL but increased luteinizing hormone (LH) and testosterone concentrations in plasma (Lincoln et 1977; Sanford et al., 1978) . Previous studies failed to detect a photoperiod effect on LH concentrations in cattle (Bourne and Tucker, 1975; Rzepkowski et al., 1982) . However, progesterone concentrations in serum of young heifers exposed to long days increase at an earlier age relative to heifers receiving short-day photoperiods (Petitclerc et al., 1983) , which suggests that long-day photoperiods may hasten onset of puberty in heifers.
Our objective was to examine long-term effects of long-vs short-day photoperiods on PRL, LH and testosterone secretion in bull calves. A second objective was to determine if PRL response to photoperiod in bulls was dependent upon the testes.
Materials and Methods
Pre-treatment. In each of two experiments (1 and 2) eight Holstein bulls (approximately 3 d of age) were placed in a light-controlled room as previously described (Stanisiewski et al., 1984) . Fluorescent lights 4 were programmed on at 0700 and off at 1500 (8L:16D). After weaning at approximately 6 wk of age, calves were moved to one of two light-and temperature-controlled chambers described by Stanisiewski et al. (1984) , where ambient temperatures were maintained at 21 -+ 2 C during Exp. 1 and at 15 + 1 C during Exp. 2. Photoperiod was then maintained at 8L:16D for 2 additional wk. Thus pre-treatment photoperiod lasted a total of 8 wk. Calves were fed a concentrate mixture plus alfalfa hay and water ad libitum.
In Exp. 2, testes were removed surgically from four calves at 2 wk of age. Four additional calves were maintained as gonadally intact controls.
Treatments. In Exp. 1, four calves were maintained on 8L:16D, whereas four calves were switched to 16L:8D (lights on from 0300 to 1900) for 12 additional wk. In Exp. 2, photoperiod was switched from 8L:16D to 16L:8D on all calves (four castrates, four gonadally intact controls) for 6 wk. Median light intensities measured 1 m above the floor were equalized between chambers within each experiment (546 Ix, Exp. 1; 517 Ix, Exp. 2).
Blood Sampling. Two days prior to start of treatments, calves were fitted with an indwelling jugular cannula (SLV 105 18 clr) s and bled the following day. On day of sampling, animals were loosely restrained by halter at 0700 and blood samples were discarded at 15-min intervals. for 1 h to accustom animals to the sampling procedure. Beginning at 0800, 8 to 10 ml of blood were collected for 6 h at 30-min intervals. All calves had been exposed to a total of 8 wk of 8L:16D at the time of this first blood collection. In Exp. 1, blood was sampled again at wk 14 and 20; in Exp. 2, blood was sampled again at wk 14.
Sodium citrate (3.5%) was used to prevent coagulation of blood in cannulas between collection of samples. Blood samples were allowed to clot for 6 to 8 h at room temperature, stored for 24 h at 5 C, then centrifuged at approximately 1,000 • g for 20 min. Serum was decanted and frozen at -20 C until assayed.
Hormone Assays. Radioimmunoassays were used to quantify PRL (Koprowski and Tucker, 1971) , LH (Convey et al., 1976) and testosterone (Haynes et al., 1977) in serum.
Statistical Analysis. Data from each experiment were analyzed using split-plot analysis of s Ico-Rally Corp., Palo Alto, CA.
variance (Gill, 1978b) . Main effects were photoperiod treatment and day of bleeding. Hormone values were averaged over each 6-h sampling period to obtain a representative mean. Bonferroni t-test (Gill, 1978a ) was used to test for differences between means of treatments and bleeding days. Frequency of LH and testosterone pulses were determined using the pulse analysis program (PULSAR; Merriarn and Wachter, 1982) .
Resu Its
Experiment 1. After 8 wk pre-treatment with 8L:16D, PRL averaged 17.0 and 19.6 (+ 4.2, pooled SE) ng/ml (P>.05) of serum for both groups of four animals (figure 1). In calves maintained under short days, PRL did not change (P>.05) throughout the experiment. In contrast, PRL in serum was greater (P<.02) in calves exposed to 6 wk of 16L:8D than in calves maintained under 8L:16D [93.8 vs 36.9 (+ 16.1) ng/ml; figure 1]. However, after 12 wk exposure to 16L:8D (20 wk of age), concentrations of PRL in serum declined and were not different (P>.05) from concentrations in bulls exposed to 8L:16D [34.7 and 17.2 (+ 6.4) ng/ml, respectively; figure 1].
Concentrations of LH were not different (P>.05) between photoperiod treatments nor between bleeding periods (figure 2). Pooled among treatments, LH averaged .80 + .16, 1.06 +-.13 and .73 + .20 ng/ml of serum for the eight calves at 8, 14 and 20 wk of age. Frequency of LH pulses per 6 h were unaffected (P>.25) by photoperiod treatment and did not change (P>.15) with age, averaging 2.9, 2.9 and 2.1 at wk 8, 14 and 20, respectively. Figure 1 . Prolactin in serum from bull calves exposed to 8 h of light per day from 3 d to 8 wk of age and subsequently switched to 16 h of light per day or maintained on 8L:16D. Each observation represents the mean of four bulls where samples were collected at 30-min intervals for 6 h through a jugular eannula. Standard error difference was 23.9 ng/ml of serum for treatments and 9.8 ng/ml of serum for age. Figmre 2. Luteinizing hormone in serum from bull calves exposed to 8 h of light per day from 3 d to 8 wk of age and subsequently switched to 16 h of light per day or maintained on 8L:16D. Each observation represents the mean of four bulls where samples were collected at 30-min intervals for 6 h through a jugular cannula. Standard error difference was .23 ng/ml of serum for treatments and .19 ng/ml of serum for age.
Concentrations of testosterone in each group of four bulls after pre-treatment with 8L:16D for 8 wk averaged .39 and .47 (-+ .03) ng/ml of serum (P>.05, figure 3 ). Six weeks later (age 14 wk), testosterone in serum was greater (P<.05) in calves receiving 16L:SD (1.92 -+ .19 ng/ml) than in calves maintained under 8L: 16D (.97 -+ .19 ng/ml, figure 3) . By wk 20, testosterone in serum was numerically greater in 16L:8D exposed bulls but not different (P>.05) from concentrations in bulls given 8L:16D (2.36 and 1.83 -+ .21 ng/ml), respectively. Frequency of testosterone pulses per 6 h were unaffected (P>.25) by photoperiod treatment and did not change (P>.25) with age, averaging 2.0, 2.5 and 2.0 at wk 8, 14 and 20. Figure 3 . Testosterone in serum from bull calves exposed to 8 h of light per day from 3 d to 8 wk of age and subsequently switched to 16 h of light per day or maintained on 8L: 16D. Each observation represents the mean of four bulls where samples were collected at 30-min intervals for 6 h through a jugular cannula. Standard error difference was .23 ng/ml of serum for treatments and .29 ng/ml of serum for age.
Experiment 2. Concentrations of PRL in
serum were not different (P>.05) between castrated (12.5 ng/ml) and intact (12.1 ng/ml) calves pre-treated with 8L:16D (figure 4). Subsequently, PRL concentrations in serum after 6 wk of 16L:8D increased (P<.01) similarly in castrated and intact calves to 48.0 and 59.8 (-+ 12.7) ng/ml, respectively (P>.05). Concentrations of LH in serum were greater (P<.01) in castrated (3.0 -+ .35 ng/ml) than in intact (1.4 -+ .35 ng/ml) calves 6 wk after castration. Luteinizing hormone in serum was unchanged (P<.19) after 6 wk of 16L:8D in castrated (3.6 -+ .27 ng/ml) and intact (1.7 -+ .27 ng/ml) calves.
Discussion
We previously showed in calves that abruptly switching photoperiods from short-to long-days linearly increased serum PRL concentrations with the maximum occurring within 6 wk after the switch (Stanisiewski et al., 1984) . Data in the present study confirm this response. In addition, we have now demonstrated that long-day induced increases in PRL concentrations (at 6 wk after switch) are not maintained indefinitely, but decline to concentrations that are not significantly different from those in calves maintained under short-days. Thus, elevated PRL concentrations in bull calves become refractory to a once stimulatory Figure 4 . Prolactin in serum from calves exposed to 8 h of light per day from 3 d to 8 wk of age and subsequently switched to 16 h of light per day. Each observation represents the mean of four calves where samples were collected at 30-rain intervals through a jugular cannula for 6 h. Castrations were performed at 1.5 to 2 wk of age. Standard error difference was 14.1 ng/ml of serum for treatments and 11.1 ng/ml of serum for age.
photoperiod. Photorefractoriness, as reflected by PRL secretion and gonadal function, has been documented in sheep (Almeida and Lincoln, 1984) and hamsters (Bittman, 1978) . In seasonal breeding species, such as sheep and hamsters, photorefractoriness serves as an inherent control mechanism whereby reproduction is limited to specific seasons (Robinson et al., 1985) . On the other hand, the reason bull calves become refractory to long-days in terms of PRL secretion and what function this serves is unclear.
Circulating concentrations of testosterone normally increase linearly between 8 and 24 wk of age in bulls (Bedair and Thibier, 1979; Amann and Walker, 1983) . Our results are in agreement with this pattern. In addition, we discovered that long-days increase the rate at which testosterone increases. Therefore, we speculate that puberty onset may be achieved. at an earlier age in bulls exposed to long-days when compared with bulls exposed to short-day photoperiods. Duration of photoperiod hastens onset of puberty in heifers (Petitclerc et al., 1983) , boars (Mahone et al., 1979) , rams (Howles et al., 1980) , deer (Budde, 1983) and hamsters (Hoffman, 1978) . Photoperiod control of sexual development at puberty plays an important role in seasonal breeders in which reproductive activity is limited to certain times of the year, but the function of this response in nonseasonal breeders such as cattle is not known.
On the other hand, long-day photoperiods stimulate growth rates and protein deposition in cattle and sheep (Forbes et al., 1979) . In cattle these effects require the gonad . Because in the present study long-days induced an early increase in serum concentrations of testosterone and testosterone stimulates growth in ruminants (Hafs et al., 1971; Schanbacher et al., 1980) , we suggest that testosterone may at least be a partial mediator of photoperiod effects on growth in bulls. Because of few animal numbers in the present study, photoperiod treatment effects on body growth were not measured.
As reported previously in cattle (Bourne and Tucker, 1975; Rzepkowski et al., 1982) , LH concentrations in castrated and intact bulls were unaffected by photoperiod. In adult bulls, LH controls testosterone secretion (Hafs and McCarthy, 1980) ; however, in bulls younger than 20 wk of age, serum LH is not closely coupled to testosterone secretion (Karg et al., 1976; Lacroix and Pelletier, 1979) . Therefore, it is not surprising that concentrations of LH were not apparently associated with longday stimulation of testosterone secretion in our experiment. In fact, frequency of LH and testosterone pulses did not change with age throughout Exp. 1, and pulses between the two hormones were usually not coincident. Furthermore, PRL is capable of increasing LH receptors in rat (Morris and Saxena, 1980) and hamster (Bex et al., 1978) , testis, but similar effects are not seen in rams (Barenton, 1981) . In rats, hyperprolactinemia results in transient increases in circulating testosterone (Waeber et al., 1983) while LH concentrations are unchanged. Perhaps long-day-induced PRL concentrations increase LH receptors in prepubertal calf testis, and thus may potentiate the effects of LH on testosterone secretion.
In the present study we showed that longdays increased concentrations of PRL in serum four-to fivefold compared with previous short-day exposure and this response occurred independent of the testes. The observed increase in PRL was well within the two-to eightfold range previously reported (Bourne and Tucker, 1975; Stanisiewski et al., 1984) . However, we do not know whether long-day-induced increases in PRL are associated with increased secretion of testosterone. In a preliminary study, four bull calves received a long-day photoperiod while four similar calves received a short-day photoperiod. Two long-day exposed bulls were given 2-Br~ ergocryptine (CB-154) to reduce PRL secretion. After 4 wk of treatment PRL averaged 2.8, 43.1 and 23.0 ng/ml of serum in long-day plus CB-154, long-day and short-day treated animals, respectively. Concurrently, testosterone in serum averaged .51, .95 and .85 ng/ml in the same respective treatments. Testosterone was lowest in calves with lowest PRL concentrations. However, animal numbers were too few and animals may have been too young to detect significant differences. The trend, however, supports the hypothesis that photoperiod-induced testosterone increases were associated with increased secretion of PRL.
In summary, long-days stimulated PRL secretion relative to short-days in bull calves, but the stimulation was not maintained indefinitely. This response occurred independent of the gonad. We speculate that onset of puberty may also be hastened in bulls exposed to 16L:8D because testosterone in serum of these bulls was elevated at an earlier age than in
